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Are brown recluse spiders, Loxosceles reclusa (Araneae, Sicariidae) scavengers? The influence of

predator satiation, prey size, and prey quality
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Abstract. 1 examined prey choice of the brown recluse spider (Loxosceles i-echisa Gertsch & Mulaik 1940) with reference

to unusual scavenging behavior originally reported by Sandidge (2003). Because scavenging is an unexpected behavior in

normally predatory spiders, I hypothesized that special circumstances must converge for the brown recluse to prefer dead

prey over live prey. I offered crickets (Aclieta dotuesticus) to brown recluses in several choice experiments. I varied predator

satiation (spiders not fed for two or four weeks), prey size (small or large), and prey quality (live, fresh dead, dead 1-2 days,

1 week or 1 month). Overall, recluses preferred live prey over dead, but their choice was influenced by all three variables.

Recluses were more likely to scavenge when presented with large live prey paired with dead prey of equal size than when

presented with small live and dead prey. Spiders that had fed recently were more likely to scavenge. Finally, recluses

preferred dead prey that were freshly killed or less than 24 hours old to items dead for longer periods. My results suggest

that scavenging is an opportunistic behavior in recluses that requires specific circumstances that may rarely occur in nature.
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Spiders are generally regarded as obligate predators varying

principally in their method of capturing live prey (Coddington

& Levi 1991). Originally thought to be non-selective general-

ists, spiders have also been shown to choose prey in order to

meet their current nutritional needs (Greenstone 1979; Mayntz

et al. 2005). Such selection has been shown to be important in

their growth and survival (Toft 1999; Toft & Wise 1999;

Mayntz & Toft 2001). A few exceptions to feeding on active

prey have been noted. Some spiders feed on insect eggs

(Buschman et al. 1977; Jackson and Blest 1982), nectar

(Pollard et al. 1995; Jackson et al. 2001), or pollen (Smith &
Mommsen1984).

Researchers have also observed scavenging by some spiders.

Bristowe (1941) observed a gnaphosid feeding on pinned

insects and Kullmann (1972) reported that spiderlings of

several species would feed on their dead mother. Other

researchers have supported lab populations of spiders,

especially juveniles, on artificial diets of ground insects (Peck

& Whitcomb 1968; Horner & Starks 1972). Knost & Rovner

(1975), however, appear to have been the first to conduct

experiments on scavenging in spiders. They reported that wolf

spiders in the lab would readily consume dead prey and that

movement was not a necessary stimulus to induce feeding.

V/oIf spiders would scavenge even when live prey were

available, although the authors did not report on the relative

numbers of prey chosen in each category. Although the term

“prey” is normally used in reference to live organisms, for

simplicity and consistency with earlier literature [e.g., San-

didge 2003], I use the term to refer to both live and dead

organisms used for food.

While it may be more common than suspected, little is

known about scavenging by spiders in the wild (Foelix 1996).

Sandidge (2003) concluded that the brown recluse spider,

Loxosceles reclusa Gertsch & Mulaik 1940 (Araneae, Sicar-

iidae), was exceptional among wandering spiders because it

preferred scavenging over predation and even actively avoided

live prey. In the lab he observed that spiders starved for two

weeks and offered both live and dead prey simultaneously

tended to avoid live prey and instead scavenged on dead prey.
,

He also observed scavenging in situ in spiders living in homes. I

In part because of their preference for scavenging, Sandidge & I

Hopwood (2005) suggested that brown recluses may be .

persistent and difficult to control in homes if abundant dead
j

prey are available. Given the apparent rarity of scavenging in
;

spiders and the medical importance of the brown recluse,

whose bite can cause severe, necrotic wounds and even i

systemic reactions (Atkins et al. 1958; Anderson 1998; da

Silva et al. 2004), I investigated variables that might promote i

scavenging in this species.

In the present study I examined three variables that could !

influence recluse prey choice: predator satiation, prey size and :

prey quality. I predicted that sated predators would be less

likely than nutritionally deprived spiders to attack live prey

when dead prey were available; that spiders would be more

likely to attack small, rather than large live prey when paired

with dead prey of similar size; and that spiders offered only i

dead prey would prefer more recently killed prey. :

METHODS
I used a laboratory population of spiders that was captured !

from Little Creek Nature Area near Florissant, Missouri, i

USA (90.291 °W; 38.774°N). Spiders were captured from a

large pile of lumber in an unheated barn loft. Twenty-six adult

male and 35 adult female spiders were housed individually in •

clear plastic containers (12 X 17 x 6 cm) kept at room

temperature under a 12L: 12D photoperiod and maintained on

a diet of both live and dead domestic crickets (Acheta ‘

dotuesticus) offered weekly. Experiments were conducted over

a 10-mo period in 2005.

Because brown recluse spiders are a relatively long-lived

species (Hite et al. 1966; Eskafi et al. 1977), I was able to use

spiders in multiple trials (// = number of trials). To control for

possible effects of repeated testing, I randomly assigned

spiders to a treatment order to avoid biasing spider choice
'

based on prior experience in another testing situation. To
;

further account for possible bias that could be introduced by ’
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Table 1. —Overview of experimental designs with number of trials and response rates (% spiders feeding).

Treatment design Sample sizes and response rates

Starvation period (wk) Prey size Prey choice offered Trials (#) Spiders feeding {#) Response rate (%)

2 Large Live vs. Fresh dead 172 46 27

4 Large Live vs. Fresh dead 100 61 61

4 Small Live vs. Fresh dead 87 54 62

4 Small Live vs. 1-Da dead 28 20 71

4 Small Fresh dead vs. 1-Da dead 30 20 66

4 Small 7-Da dead vs. 1-Day dead 24 17 71

4 Small 8-Da dead vs. 2-Da dead 24 12 50

repeated testing of the same individual (influence of prior

exposure, age, e.g.), I conducted statistical tests for indepen-

dence of testing order. For spiders tested multiple times (up to

4 times) I used Cochran’s Q tests and for spiders tested twice, I

employed McNemar’s test (Sokal & Rohlf 1969). Spider

response was recorded as a categorical variable (choosing live

or dead prey) with order of testing as the independent variable.

Tests in which the spider did not attack or feed on prey were

excluded from this analysis because level of satiation was
controlled. I also tested for any influence of sex on choice of

prey. If the results for effects of testing order and sex were not

significant, I then pooled the data and tested various

hypotheses concerning prey choice using a Chi-square test

for goodness-of-fit or independence as appropriate. Voucher
specimens are housed in the Biology department at Mon-
mouth College, Monmouth, IL.

For prey choice tests I used crickets of two sizes: “large”

crickets (4-6 wk old, 11-15 mmbody length) and “small”

crickets (2-3 wk old, 7-9 mm). Observations showed that the

large crickets were well within the size range that the spider’s

venom could immobilize if they chose to attack. The small size

class fell within the range of body lengths of L. reclusa used in

this study. To kill crickets, I placed them in a freezer (-20° C)
for approximately 24 h prior to testing and thawed them to

room temperature before testing began. I also “aged” different

groups of dead crickets by leaving them in ventilated

containers at room temperature for 1, 2, 7, or 8 da (= day)

and 4 wk. For all tests, I used forceps to place dead and live

prey in the center of the plastic containers housing individual

recluses.

I observed feeding behavior in a darkened room under low
light beginning at roughly 18:00 h. During the first 15 min of

testing, I observed spiders continuously and then checked
every 15 min for the next 2 h for evidence of feeding. Because

recluses will feed for > 1 h on a given prey (Flite et al. 1966)

this method ensured that no feeding in the first 2 h was missed.

More than 90% of the spiders had made a choice of prey

within the first 30 min. After 18 h of testing, I removed any
uneaten prey. In the few instances when feeding occurred

overnight after the initial 2-h observation period, I confirmed
prey choice by examining prey remains under a dissecting

scope. Feeding was easily confirmed by noting loss of volume
and collapse of the exoskeleton due to fluids being withdrawn.
I conducted seven principal experiments in which 1 varied

predator satiation, prey size and prey quality (Table 1). In all

results where spiders were tested multiple times, the number of
trials (n) is followed by the number spiders tested in

parentheses.

Effect of satiation level. —I replicated portions of Sandidge’s

(2003) study by offering a choice of large live and large dead
crickets to spiders that had been starved for 2 wk (n = 172

[51]). Due to the low rate of feeding in these tests, 1 modified

Sandidge’s (2003) design and starved spiders for 4 wk (/; = 100

[47]), comparing the results of the two tests. Because the

response rate increased dramatically, I starved spiders for four

weeks in all other experiments.

Effect of prey size.

—

To compare with above experiments

offering only large prey, I offered spiders small dead and small

live prey (n = 87 [47]). In separate tests, I offered spiders either

small live {n = 24) or large live prey (n —23) alone rather than

simultaneously to control for the possibility that spider

avoidance of large crickets could cause them not to feed on

small crickets placed in the same enclosure.

Effect of prey quality. —Spiders that had been starved for

four weeks were offered the following choices of small crickets:

live and 1-da dead (n = 28); fresh dead and 1-da dead (ii = 30);

1-da dead and 7-da dead (ii = 24); 2-da dead and 8-da dead {n

= 24). Finally, prey that had been dead for 1 mo were offered

alone to spiders (n — 23).

RESULTS

Spider choice was independent of testing sequence. For
spiders feeding in at least two sequential experiments (// = 48),

choice of prey was entirely independent of prior experience (Q
—0, P = 1.00). Likewise, prey choice was independent of prior

exposure for spiders feeding in three sequential experiments (/?

= 21, Q = 0.\5, P = 0.93) and four sequential experiments (/;

= \2, Q = 5.0, P = 0.17). Similarly, male and female spiders

fed at the same rate and chose prey in the same proportions in

all tests of live vs. dead prey (Chi-square test: X~i = 0.586, P =

0.90) and in comparisons of dead prey of varying quality (Chi-

square test:
I

= 3.515, F = 0.32). Thus, the results are based

on data pooled for both sexes.

Effect of predator satiation. —Spiders starved for 2 wk and
offered large dead and large live crickets (as in Sandidge 2003)

fed in only 27% of the 172 trials; the majority ignored both live

and dead prey (Chi-square test: X~i = 45.06, P < 0.0001).

Only one spider fed on both prey. This individual was
excluded from the choice comparisons as were spiders in other

experiments that fed on both prey (except as noted). Of the

spiders that fed on a single prey, 58% chose live prey but this

preference was not significant (Fig. 1). An additional 12

spiders attacked and killed live prey but did not feed on the

cricket.

After withholding food from spiders for 4 wk and offering

large prey, 60% of the spiders fed and a clear majority (70%)
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Figure I. -Effects of satiation and prey size on scavenging by

brown recluse spiders. Percentage of live vs. dead prey chosen by

spiders deprived of food for 2 or 4 wk and offered large or small prey.

NS = non-significant, P > 0.05. ii
= sample size.

preferred to feed on live prey (Chi-square test: X~ i

= 8.0, P =

0.005; Fig. 1). A significant number of spiders (18% of those

feeding) fed on both live and dead prey. In all tests below,

spiders were not fed for 4 wk prior to testing to increase

response rate.

Effect of prey size. —When offered small live and small dead

crickets, 62% of the spiders fed; a response rate similar to

when they were presented with large crickets. However, 90%
chose the live prey exclusively, a highly significant preference

(Fig. 1). This preference was significantly stronger than when

spiders were offered large crickets (Chi-square test: X~
|

= 5.59,

P = 0.018). Many spiders (24%) fed on both live and dead

prey, as they did when presented with large prey, but in every

case they attacked and fed on live prey first. The percent

feeding on both prey items was significantly greater in spiders

that were not fed for 4 vs. 2 wk (Chi-square test: X~

\

= 8.756,

P = 0.003). Only two spiders (3.6% of spiders showing some

response) attacked but did not feed on small live prey

compared to 17% in the two tests with large crickets (Chi-

square test: X“i = 6.21, P == 0.013). Finally, when spiders were

offered a single small or large cricket alone, far more spiders

attacked and fed on small (74%) than large (17%) crickets

(Chi-square test: X^\ = 14.81, P = 0.0001).

Effect of Prey Quality. —When spiders had a choice of live

prey vs. prey dead for 1 day, none ate only the dead prey,

showing a clear preference (100%) for live prey (Chi-square

test: X~\ = 12.0, P = 0.0005; Fig. 2). Many spiders in this

group fed on both live and dead prey, usually choosing the

dead prey after feeding on the live specimen. Nonetheless,

including spiders that chose both prey still results in a

significant preference (71%) for live prey (Chi-square test:

TU = 5.14, P = 0.023).

When offered two classes of dead prey, fresh and 1-da dead,

60% of the spiders fed and the majority (76%) preferred the

fresher prey item (Chi-square test: X~\ — 4.76, P = 0.029;

Fig. 2). Including spiders that chose both prey obscures this

preference (Chi-square test: X~] = 3.52, P = 0.061), but the

fresher prey was almost always fed on first. Spiders also
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Figure 2. —Effects of prey quality on scavenging by brown recluse

spiders. Percentage of high vs. low quality prey chosen by spiders

deprived of food for 2 wk and offered small prey. NS = non-

significant, P > 0.05. n = sample size.

preferred to scavenge 1-da old prey vs. 7-da old prey (Chi-

square test: X~i = 15.0, P = 0.0001; Fig. 2). Once the prey had

been dead for > 2 da, spiders seemed less able to discern any

difference in prey quality. Only 50% of the spiders fed when

offered 2 or 8-da old dead prey. While most fed only on 2-da

rather than 8-da old prey the difference was suggestive but not

significant (Chi-square test: X~\ = 3.57, P - 0.059; Fig. 2).
;

More spiders also fed on both prey rather than refusing one as

they did in the 1- vs. 7-da comparison.

Finally, when 1-mo old dead crickets were offered to

spiders, none of them fed on this item even though no other
^

choice was available. Eighteen of the 23 spiders left their

retreats and searched for food, but none fed, even after being

starved for 4 wk.

Overall, spiders followed a hierarchy in prey selection by
;

favoring live over dead, small over large, and fresh over more

decayed dead prey. Further, less satiated spiders were more

likely to feed on both live and dead prey, but fed on live prey
'

first. More satiated spiders were more likely to attack, but not

feed, on crickets, especially large ones.

DISCUSSION

Predator satiation. —Less than 30% of spiders starved for

2 wk fed when offered prey and even a 4-wk starvation period
'

only produced an average 60% feeding response over all trials.
'

Such low feeding rates may be a reflection of the low

metabolic requirements of brown recluses, especially in
•

laboratory situations. Recluses will remain motionless for
’

extended periods and a recluse starved for 2 wk is probably

not energetically stressed. Carrel & Heathcote (1976) found

that Loxosceles and the closely related spitting spiders

(Scytodes) had lower than expected heart rates for their size

compared to the other spiders they studied. The remarkable

ability of recluses to do without food or water for long periods

and their impressive longevity for a small invertebrate also '

attest to their low metabolic requirements (Hite et al. 1966;
'

Eskafi et al. 1977). Recluses live an average of 2 ys (with one '>

female living nearly 5 yr) and can survive 2-3 mo without

food (Eskafi et al. 1977). A recluse that is not energetically or

nutritionally stressed may be less likely to attack large, live r
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prey because the risk of damage to itself outweighs the

potential energy gain.

Prey size. —Recluses preferred live prey similar to their own

body size even though their venom is capable of immobilizing

much larger prey. Like Sandidge (2003), I also noted that

recluses would often retreat from or ignore large, live crickets

in their enclosures and would feed on dead crickets instead.

Generalist predators with limited visual acuity, such as many

wandering spiders, often use size as an initial screening device

to determine the suitability of prey (Foelix 1996). Spiders may

benefit by ignoring large, potentially dangerous prey if there

are safer resources available like fresh, dead prey. Jackson et

al. (2002) showed that the jumping spider Portia adjusts its

attack strategy depending on prey vulnerability in order to

reduce risk to itself Wigger et al. (2002) found that the

wandering spider Cupiennus injects more venom in prey that

are difficult to subdue or dangerous, a behavior that Malli et

al. (1999) demonstrated was dependent on the intensity and

duration of the prey’s struggle but independent of prey size.

Sandidge’s (2003) results are also consistent with the

hypothesis that brown recluses avoid more dangerous prey.

In his study, spiders were more likely to attack live over dead

prey when offered slow-moving larval prey such as waxworms

(Achroia grisella) and mealworms (Tenehrio molitor). Con-

versely, he observed the highest rates of scavenging when

spiders were offered much more active and potentially more

dangerous crickets as live prey.

Level of satiation is also likely to influence the size of prey a

ii
spider is willing to attack. Brown recluses may be more willing

to take risks on large prey if they have not fed recently and

have a lower response threshold to the stimulus of a moving

prey. The fact that recluses more often attacked and bit, but

did not feed on, large prey rather than small prey suggests that

these behaviors may have been defensive rather than

I

predatory and supports my interpretation that large prey are

j

viewed as a threat rather than an opportunity. When spiders

;

encountered small live prey, they were much more likely to

’ attack even if relatively satiated.

Prey quality. —Quality of prey, defined here as a hierarchy

based on age of the dead specimens (and live prey assumed to

I be of better quality than dead), also clearly influenced prey
' choice by recluses. Recluses preferred fresh dead prey rather

i than prey dead even for as little as 24 h. After 2 da of decay

I

their ability to distinguish declining quality of dead prey

;

appeared diminished. Wolf spiders showed a similar prefer-

;
ence for fresher dead prey (Knost & Rovner 1975). My results

suggest that unless fresh, dead prey is common in the natural

habitat of recluses, scavenging is an unlikely option compared
to predation. Prey choice will also depend on the relative

I

availability of live and dead prey in their natural habitat,

I

about which next to nothing is known.

I

I was unable to replicate the degree of scavenging observed

;
by Sandidge (2003) in choice tests identical to his experimental

1
design (2 wk starvation, relatively large dead and live crickets,

i

same-sized enclosures, etc.). Whereas his spiders chose dead

i
over live crickets 75% of the time, only 42% preferred dead

!
prey in this study. Modifying Sandidge’s (2003) design slightly

j

by offering small crickets to less satiated spiders reduced rates

1
of scavenging to only 10%. Thus, Sandidge’s (2003) experi-

^ mental design (large live prey, a fresh, dead alternative prey.
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and a relatively satiated spider) may have contributed to the

high rates of scavenging he observed.

Another explanation for our differing results may be the

origin of our test populations. Mine were collected from a

semi-natural setting, a barn loft in a nature preserve in

Missouri whereas Sandidge (2003) used spiders captured

principally in homes in Kansas (personal communication).

Syiianthropic populations may have more opportunities for

scavenging or there simply may be natural variation among
populations in their tendency to scavenge. In particular, the

high populations of recluses observed by Sandidge (2003) and

reported by others (Vetter & Barger 2002) in some homes may
make competition for live prey especially intense, increasing

the profitability of scavenging. Lastly, in both studies, feeding

on dead prey may not indicate that recluses necessarily

scavenge in the wild. Spiders often return later to feed on prey

they have killed earlier and this behavior could easily manifest

itself in the lab where prey have been previously killed by the

experimenter rather than the spider.

Brown recluses will scavenge under the right conditions.

However, in this study brown recluses preferred live prey in

nearly all circumstances. Larger live prey, greater satiation,

and fresher dead prey all increased the likelihood of

scavenging. We will need to learn more about quality and

availability of prey to brown recluses in .situ to determine if

they are preferential or opportunistic scavengers.

ACKNOWLEDGMENTS
I gratefully acknowledge the assistance of Alex Maywright

who captured the spiders used in this study and performed

some of the initial feeding trials. Jack Bowles and colleagues

at Little Creek Nature Preserve in Florissant, Missouri

granted permission to collect recluses. 1 thank the Associated

Colleges of the Midwest for financial support through the

Faculty Career Enhancement (EaCE) grant. Greta Binford

and students in her lab offered valuable comments on an

early draft of the manuscript. Thanks to the Department of

Biology, Lewis and Clark College, Portland, Oregon for

providing office and laboratory space during my sabbatical

stay.

LITERATURE CITED

Anderson, P.C. 1998. Missouri brown recluse spider: a review and

update. Missouri Medicine 95:318-322.

Atkins, J.A., C.W. Wingo, W.A. Sodeman & J.E. Flynn. 1958.

Necrotic arachnidism. American Journal ofTropical Medicine and

Hygiene 7:165-184.

Bristowe, W.S. 1941. The Comity of Spiders. The Ray Society,

London. 332 pp.

Buschman, L.L., W.H. Whitcomb, R.C. Hemenway, D.L. Mays, R.

Nguyen, N.C. Leppla & B.J. Smittle. 1977. Predators of the velvet

bean caterpillar eggs in Florida soybeans. Environmental Ento-

mology 6:403^07.

Carrel, J.E. & R.D. Heathcote. 1976. Heart rate in spiders: influence

of body size and foraging energetics. Science 193:148-150.

Coddington, J.A. & H.W. Levi. 1991. Systematics and evolution of

spiders (Araneae). Annual Review of Ecology and Systematics

22:565-592.

Da Silva, P.H., R.B. da Silveira, M.H. Appel, O.C. Mangili, W.

Gremski & S.S. Veiga. 2004. Brown spiders and loxoscelism.

Toxicon 44:693-709.



144 THEJOURNALOF ARACHNOLOGY

Eskafi, F.M., J.L. Frazier, R.R. Hocking & B.R. Norment. 1977.

Intluence of environmental factors on longevity of the brown

recluse spider. Journal of Medical Entomology 14:221-228.

Foelix, R.F. 1996. The Biology of Spiders. Second edition. Oxford

University Press, New York. 330 pp.

Greenstone, M.H. 1979. Spider feeding behavior optimizes dietary

essential amino acid composition. Nature 282:501-503.

Hite, J.M., W.J. Gladney, J.L. Lancaster, Jr. & W.H. Whitcomb.

1966. Biology of the brown recluse spider. Arkansas Experiment

Station Bulletin 711:3-26.

Horner, N.V. & K.J. Starks. 1972. Bionomics of the jumping spider

Metaphidippus galathca. Annals of the Entomological Society of

America 61:1218-1221.

Jackson, R.R. & A.D. Blest. 1982. The biology of Portia fimhriata, a

web-building jumping spider (Araneae, Salticidae) from Queens-

land: utilization of webs and predatory versatility. Journal of

Zoology 196:255-293.

Jackson, R.R., S.D. Pollard, D.O. Li & N. Fijn. 2002. Interpopula-

tion variation in the risk-related decisions of Portia labiata, an

araneophagic jumping spider (Araneae: Salticidae), during preda-

tory sequences with spitting spiders. Animal Cognition 5:215-223.

Jackson, R.R., S.D. Pollard, X.J. Nelson, G.B. Edwards & A.T.

Barrion. 2001. Jumping spiders (Araneae: Salticidae) that feed on

nectar. Journal of Zoology 255:25-29.

Knost, S.J. & J.S. Rovner. 1975. Scavenging by wolf spiders

(Araneae: Lycosidae). American Midland Naturalist 93:239-244.

Kullmann, E.J. 1972. Evolution of social behavior in spiders

(Araneae: Eresidae and Theridiidae). American Zoologist 12:419-

426.

Malli, H., L. Kuhn-Nentwig, H. Imboden & W. Nentwig. 1999.

Effects of size, motility and paralysation time of prey on the

quantity of venom injected by the hunting spider Cupiennius salei.

Journal of Experimental Biology 202:2083-2089.

Mayntz, D., D. Raubenheimer, M. Salomon, S. Toft & S.J. Simpson.

2005. Nutrient-specific foraging in invertebrate predators. Science

307:111-113.

Mayntz, D.D. & S. Toft. 2001. Nutrient composition of the prey’s

diet affects growth and survivorship of a generalist predator.

Oecologia 127:207-213.

Peck, W.B. & W.H. Whitcomb. 1968. Feeding spiders on an artificial

diet. Entomological News 79:233-236.

Pollard, S.D., M.W. Beck & G.N. Dodson. 1995. Why do male crab

spiders drink nectar? Animal Behaviour 49:1443-1448.

Sandidge, J.S. 2003. Scavenging by brown recluse spiders. Nature

426:30.

Sandidge, J.S. & J.L. Hopwood. 2005. Brown recluse spiders: a review

of biology, life history and pest management. Transactions of the

Kansas Academy of Science 108:99-108.

Smith, R.B. & T.D. Mommsen. 1984. Pollen feeding in an orb-

weaving spider. Science 226:1330-1332.

Sokal. R.R. & F.J. Rohlf 1969. Biometry. W.H. Freeman & Co., San

Francisco, California. 776 pp.

Toft, S. 1999. Prey choice and spider fitness. Journal of Arachnology

27:301-307.

Toft, S. & D.H. Wise. 1999. Growth, development, and survival of a

generalist predator fed single- and mixed-species diets of different

quality. Oecologia 119:191-197.

Vetter, R.S. & D.K. Barger. 2002. An infestation of 2,055 brown

recluse spiders (Araneae: Sicariidae) and no envenomations in a

Kansas home: implications for bite diagnoses in nonendemic areas.

Journal of Medical Entomology 39:948-951.

Wigger, E., L. Kuhn-Nentwig & W. Nentwig. 2002. The venom

optimisation hypothesis: a spider injects large venom quantities

only into difficult prey types. Toxicon 40:749-752.

Manuscript reccdved 20 May 2006, revised 10 October 2007.


